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The Union Fibre Co., Incorporated has developed, 
from data accumulated during years of experience in the 
insulation field, a short method of solving all problems of 
roof insulation. By this method, the kind of insulation 
and the thickness required to prevent condensation on 
the inner surface of the roof under any conditions can be 
determined instantly. 

It is also possible by the use of tabulated data to 
quickly calculate the saving in fuel and radiation effected 
by the use of insulation on a roof. 

While this method of solving such problems was de- 
veloped to save time in the Company's own offices, it is 
being published for the assistance and guidance of all 
parties interested in the efficient design of modern struc- 
t ii res. 

DESCRIPTION: Fig. 4 is Carrier's Psychrometric 

Chart which shows the relation between wet and dry bull) 
temperatures, relative humidity, dew point, etc. This 
chart was calculated by Mr, W, H. Carrier, and published 
in his paper entitled "Rational Psychrometric Formulae" 
which was presented before the American Society of 
Mechanical Engineers at the 1911 meeting. It is pub- 
lished in this Bulletin by courtesy of the Carrier Engineer- 
ing Corporation, of Newark, N. J. By means of this 
chart it is possible to determine the allowable difference 
in temperature between the air in a building u\u\ the inner 
surface of the roof before condensation will occur on the 
under side of the roof. It is also possible to reverse this 
procedure and, knowing the difference in temperatures, 
find the greatest relative humidity that can be maintained 
under the roof before condensation will occur. The 
method of using this chart is explained later in an actual 

example. 

It is evident that the temperature of the inner surface 
of the roof is dependent upon the amount of heat trans- 
mitted through the roof itself. By the use of standard 
formulae, and data obtained in tests made by the Bureau 
of Standards and other recognized authorities, it is possi- 
ble to calculate the amount of heat transmitted through 
any roof under any existing conditions. It is also apparent 
that this transfer of heat through the roof is dependent 
upon a certain inherent resistance of the roof. This re- 
sistance, together with the corresponding heat transmis- 
sion, has been calculated for various roofs and tabulated 
in Table 1. Surface effects have been I a ken into con- 
sideration in making these calculation-. 

The line "RR" in Fig. 5 is what has been termed the 
"Roof Resistance Curve." This curve was obtained by 
laying out the curve for each roof as indicated by No. I 
and No. 14, which are the curves for roofs of corresponding 
numbers in Table 1, and on each curve laying out the re- 
sistance of that particular roof, the resulting curve, estab- 



lished by connecting all of these points, is the straight 
line "RR/ ; 

Having determined the allowable difference in tempera- 
ture from the Psychrometric (/hart in Fig. 4 it is now 
possible by the use of the Resistance Curve and data 
contained in Table 1, to arrive at the kind of insulation 
and thickness necessary to prevent condensation on the 
inner surface of the roof for any given conditions, and 
having arrived at the insulation required, to calculate 
definitely the resulting saving in fuel and radiation. The 
method of arriving at these results is given in detail later, 
in an actual example. 

It is easily seen that the Resistance Curve "RR" must 
be parallel to the vertical line "AA." This line "AA" 
would be the line for perfect insulation, or zero heat trans- 
mission, which it is, of course 1 , impossible to ever realize 

The Resistance Curve "RR" would therefore never meet 

the line "AA," winch is the required condition for parallel- 
ism. 

EXAMPLE 

The following actual problem is worked out in detail 
to show the method of solution described above. 

Type of Roof: Flat. 

Materials and Construction: Kive-ply tar and gravel 

roofing on 6" concrete roof. 

Area of Roof: LOO'-O" x 250'-0", or 25,000 sq. II 

Temperatures: Inside: 70 Degrees. 

Outside: Minimum it) degrees below 

zero. 

Mean during heating season, 
42 degrees. 

Heating Season : 216 Days. 

Humidity: 70% Relative humidity. 

Dew Point: Referring to Fig. t, we starl at the inside 

dry bulb temperature of 70 decrees, and follow this line 
vertically upward until we strike the curve of 70' f rela- 
tive humidity. From this point we pass horizontally to 
the left to the curve of 100', relative humidity, or point 
of condensation. Passing from this point vertically down- 
ward, we find that the temperature at which condensa- 
tion will occur, or as it is technically called, the dew point, 

is .")9 l 2 degrees. Subtracting this from the inside tem- 
perature of 70 degrees, we find an allowable drop in tem- 
perature of 10 l 2 degrees, or in other words, the inner sur- 
face of the roof can be 10 1 2 degrees colder than the air 
inside of the room before conden tion will occur under 

the conditions given. 

INSULATION REQUIRED: Turning to Fig. 5, m 

start on the lower horizontal lin< tt the point indicate 
by 10V-2 degrees difference in temperature between the 
inner surface of the roof and the air in the room. From 
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this point we pass vertically upward, as indicated by the 
dotted line, to the heat head of 80 degrees, which is the 
difference between the inside and outside temperatures. 
At this point we lay a straight edge to the lower left hand 
corner, similar to lines No. 1 and No. 14, and where this 
straight edge crosses the Resistance Curve "RR," we pass 
horizontally to the right, as indicated, and read the re- 
sistance required to meet the given conditions, which in 
this case is 5.750. Turning to Table 1, for roof No. 34, 
we find that this roof insulated with 1J^ inches of Fibro- 
felt will have a resistance of 6.088. This is the insulation 
therefore that should be used for the conditions given. 

Saving Due to Insulation: Having established the 
kind and thickness of insulation required to prevent con- 



Then, 
.144,000 



960 



567 lbs. of steam, or 



567 



71 lbs. of coal per hour. 



We will assume that the building is heated to 70 de- 
grees for twelve hours during the day and only 55 degrees 
for twelve hours during the night* With a mean tempera- 
ture of 42 degrees outside and 70 degrees inside, only 35% 
of the maximum fuel demand will be used, and with 55 
degrees inside, only_16.2% of the maximum demand will 
be used. Therefore, 
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FIG. 2 



Laying FIBROFELT Insulation on Roof on Newcomber Apartment Building, 

Cleveland, Ohio 



densation, the saving due to such insulation can be caleu- 

It will be noted in Table No. 1 that the conduc- 




tivity of the uninsulated roof is 0.436 B. t. u. per sq. ft., 
per degree difference in temperature, per hour, while the 
conductivity of the same roof insulated with 1\£ inches 
of Fibrofelt is given as 0.164 B. t. u. We therefore effect 
a saving of the difference between these two figures, or 
0.272 B. t. u. per degree difference in temperature, per 
sq. ft., per hour. 

With 70 degrees inside, and -10 degrees outside, the 
heat head, or difference in temperature, is 80 degrees. 
Therefore, 

80 x 0.272 = 21.76 B. t. u. per sq. ft. per hour. 

With a roof area of 25,000 sq. ft., we have 



35% of 71 x 12 hours = 298 lbs. of coal per day 
16.2% of 71 x 12 hours = 138 lbs. of coal per night 



Total 



430 lbs. of coal per 24 hours. 



436 x 216 days = 94,176 lbs., or 47 tons of coal saved 
per season. 



Radiation : 

544,000 



240 



2,266 sq. ft . of radiation saved by insulation. 



Saving in Money: 

47 Tons of coal 





00 per ton* $ 376 

2,266 sq. ft. radiation @ $1.25* 2,832 



00 
50 



21.76 x 25,000 
insulation. 



544,000 B. t. u. per hour saved by 



Total saving $3,208 . 50 

* These unit costs will of course vary in different loca- 
tions. 
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By similar calculations, any problem in roof insulation 
can be solved. 

If we have a particular roof and desire to find what 
maximum humidity can be carried in the building before 
condensation will occur, the process can be reversed as 

follows: 

Assuming that we have the same roof used in the pn 
ceding example; which is roof No. 34 in Table 1. with 1 x /± 
inches of Fibrofelt insulation, and assuming the same 
heal head of 80 degrees, we starl on the Resistance Curve 
"RR" at the height indicated by a resistance of 6.088 as 
given for this roof in Tabic; 1. Laying a straight edge 
from the lower left hand corner, or zero, through this 



General Comments on Roof Insulation : In eases where 
extreme humidity inside of the building result- from the 
manufacturing process conducted in the building, it is 
impossible to entirely prevent condensation by insulation 
alone within economi limits of cost, just as it is imposs- 
ible to prevent such condensation by ventilation alone. 
The removal of this moisture-laden air by artificial venti- 
lation is a continuous source of expense in such plant- as 
paper mills, etc. This operating expense, and also th 
initial installation expense, ran U» greatly reduced by the 
proper combination of insulation and ventilation. 

By assuming several different thickness of insulation, 
and determining the maximum humidity which can be 
carried with each particular thickness it Is seen that a 




FIG. 3 



Applying LITH Insulation to Roof 



point on the Resistance Curve U RR, M and following it up 

to a line of 80 degrees heal head, and from this point, 

vertically downward, we obtain a reading of 9} 2 degrees 
as the allowable difference in temperature between the 
inner surface of the roof and the air in the room. Turn- 
ing to the Psych rometric Chart in Fig. \. and starting OD 

the lower horizontal line at a dry bulb temperature of 
o0'_. degrees, which is the allowable minimum tempera- 
ture of the inner surface ^\ the roof, and passing vertically 
upward to the curve of 100^ humidity, and horizontal] 
to the right to the line of 70 degrees dry bulb tempera- 
ture, we find this roof will support a humidity of approxi- 
mately 73' i . 

Note: Beyond a thickness of H £ inches it is more en 
Nomieal lo u> Lith board than Fibrofelt, 



point is reached beyond which an inert • • in insulation 
is not justified by the results obtained. Taking th 
humidity at which this limit 1- most apparent - th< 
basis, mechanical ventilatic should be installed which 
will reduce the relative humidity u of the buildii 
a p< ^ slightly below that which the insulation detei 
mined upon will carry. 1 ? will be found that thisamoui 
of ventilation is greatly below the amount uin when 
the roof is uninsulated. 

The savings indicated in the 1 uples worked out in 
this Bulletin are not the onlj real inii d savings efl 1 
by the insulation. It has h n common pra in th 

past, where no insulation v - u I on the roof, to build 

uit a large air space, from tin to four feet In de| 
between the ceiling and the roof in such buildn 
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FIG. 4 



Psychrometric Chart 



schools, apartment buildings, office buildings, hospitals. 
etc. All recognized authorities agree that the insulating 
value of an air space is very low, in fact, it is almost negli- 
gible. Therefore, by the use of the proper insulation on 
the roof, this air space cannot only be omitted but much 
better results obtained. The omission of this air space 
effects a saving in the outside walls of the building equal 
to the height of this air space. In large buildings, this is 
a very considerable saving. 

Where insulation is used on the roof, it is only neces- 
sary to provide roof construction of sufficient structural 
strength to carry the load. Much cheaper construction 
can therefore be used when the roof is insulated. Costly 
roofs of hollow tile, cinder fill, etc. are not necessary. 



Great improvement in living conditions under the 
roof is also obtained by the use of insulation, due to the 
fact that the intense heat of the sun in the summer time 
cannot penetrate through the roof to anywhere the ex- 
tent that it does in the case of an uninsulated roof. 



ENGINEERING SERVICE: The Union Fibre Co., 
Incorporated will gladly supply information regarding any 
type of roof not included in Table 1, and will furnish com- 
plete scientific analysis of any roof, or other insulation 
problems, upon request to the main office at Winona, 

Minn. This service is rendered without cost or obliga- 
tion. 
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INFORMATION SHEET 



I n on I'll l h rated, 

\Vllu> \1 tin, 

K " ' f,rv|Ki: ■*■*■ tsp irientific anaiysfc bowing the land and thickness of insula 

tlnl1 ' mptmh the n rimum e of f ue ] consumption ,n,i i idiati . and to eliminate condensal i. 

oj am., uihi ili«- following roof: 



1. \ tin*- i pari ieulai >l 



_ I 



n 



Vlatoi - ind Cons I rue tin (D it* of i f con«t ruction, thiekn etc.! 



\ 



I • lu it maintained lien »l» roof during heating reason. 






i lltmti lit \ I :tth n». 



v \\ ill >f m or I >e given of! by thi proe< conducted beneath rooi ' 



• * ■ number ind kimljnf opening in roof. 

10. I >< . hi \wA\ i quotation on \\w necea* irj insulation? 

It. I )n >u wish d< il ;m , id ttions foi the. application of insulation and roofing? 

It of emu undi tood thai youi *ervici in lliin matter are uithuui chai <»* obligation on our part, 



I inn .\ .ifM 



\» 1 1 Irr.s> 
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Union Fibre Co., Incorporated 
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FIBROFELT 



Fibrofelt is a flexible board used for insulation and sound deadening purposes in 
all styles of buildings. It is made from carefully selected Flax and Grain straw fibres, 
which have been cooked, sterilized, worked into a board, or felt, then dried under 
high pressure. The resulting product is a board of high insulating value; flexible, 
yet firm enough to be handled and sawed like lumber. It is easily flanged on the 
job to fit into valleys. 



LITH 



Lith is a waterproof board form of insulation used in refrigeration work as well as for 
roof insulation. The only substances used in its manufacture are flax fibres, limes! one 
rock wool, and waterproofing compound. The flax fibres are cooked and separated by comb- 
ing machines before they are mingled with the rock wool. They have great strength, be- 
sides their insulating qualities. The resulting board has great tensile strength, very low heat 
conductivity, and is of unusual compressive strength and firmness. Owing to this last 
quality, it is a perfectly safe insulation for use under all forms of roofing. 









■ 




Roofing can safely be laid directly on either Fibrofelt or Lith. No false roof is required as with soft forms of 
insulation such as quilted forms. 






Union Fibre Co., Incorporated 



Products 




of the 



UNION 




CO 



INCORPORATED 



LINOFELT 

An Insulating Quilt 



FIBROFELT 

An Insulating Panel 



LITH 



A Water-] ( Insulating Board 



UNION PIPE COVERING 
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ACOUSTICAL 




AND BOARDS 



For the Acoust 1 Correct of Auditoriums, Et< 



MINERAL WOOL 

Pure I iin ie Rock Wool 



UPHOLSTERY TOW 



REFRIGERATOR DOORS AND WINDOWS 



INSULATION ACCESSORIES 



En | ing ad\K« on< • g the met »c*e #dudf 

hctrfully ' i o! jue*t . 



UNION FIBRE CO.. Inc.. WINONA. MINNESOTA 
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